Since the experiments of Goldblatt, Lynch, Hanzal, and Summerville (1), the kidney has been a center of interest to students of hypertension. Disturbances of glomerular filtration rate, renal blood flow, and tubular function (2) as well as abnormalities in the excretion of NaCl (3-9) have been reported in hypertensive persons. Very little information is available, however, concerning the diurnal variations of the renal hemodynamic parameters in hypertensive disease (10) ; moreover, a review of the literature reveals no data concerning the diurnal changes of the electrolyte excretion in essential hypertension. The present work was undertaken to begin to supply this missing information.
Methods
The subjects were patients from the Hypertension Clinic of the Outpatient Department of the Fourth Medical Division and from the wards of the Third and Fourth Medical and Surgical Divisions of Bellevue Hospital.
No clinical evidence of congestive heart failure or renal or liver disease was present at the time of the study. The age, sex, race, mean blood pressure before and during the investigation period, and pertinent clinical and laboratory findings are recorded in Table I . No patients showed asymmetrical or abnormal excretion patterns on iv pyelography. All clinical data were consistent with, but not conclusive proof of, the diagnosis of essential hypertension. Patients W. A. and H. A., identical twins, are included because of a well-documented record of hypertension before and after myocardial infarctions. Several higher blood pressure readings were also present in the clinical chart of patient P. W. Routinely, blood * Submitted for publication June 25, 1963 ; accepted November 21, 1963 .
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tResearch fellow of the American Heart Association. pressure was somewhat or much lower during residence in the study unit than in the Outpatient Department. Most of the subjects had been receiving no specific treatment; four (W. A., H. A., P. W., and E. M.) had been on thiazide therapy, but this had been stopped at least 2 weeks before the study.
Each subject was admitted to the Special Clinical Unit of New York University in Bellevue Hospital for an "equilibration" period of 24 to 36 hours. The purpose of this equilibration period was to familiarize patients with the hospital environment and with the experimental routine. In no sense had the patients attained approximate electrolyte or body fluid balance, which would have required more time than most could spare from their work. During this time, urine was collected and vital signs were recorded every 3 hours. The patients were on a self-selected diet at home and on a regular diet if in the hospital. The hospital diet contained approximately 3 g of Na and 4 g of K with a salt shaker available on the food tray. Fluids were allowed ad libitum.
Details of the procedures followed in measuring the clearances of salt-free inulini and para-aminohippurate (PAH) are described elsewhere (11) . The average duration of the study was 36 hours. Since the infusion was usually started in the late afternoon, the clearance periods between 7 p.m. and 7 a.m. are the means of two periods occurring in consecutive nights. With the exception of two patients (J. C. and D. H.) who had indwelling catheters throughout the investigation, all subjects voided spontaneously. The prostates of the male patients were not enlarged by digital examination. We endeavored to secure as complete a bladder emptying as possible by emphasizing its importance, procuring favorable environmental conditions, and practicing voiding during the equilibration period.
The infusion apparatus allowed freedom of movement within a 10-to 12-foot radius from the infusion pump; however, with the exception of patient J. T., who sat or stood up during the day, the patients usually maintained a recumbent or semirecumbent position. Since blood was drawn painlessly through an indwelling venous catheter (Bardic Intracath), the sleep of the patients during the night was minimally disturbed. Chemical analyses, as well as the calculations of the clearance of inulin, PAH, and filtration fraction, were performed as described previously (11, 12 
Results

Renal hemodynamics
The diurnal cycles of inulin and PR and of the filtration fraction ' Figure 2 ), a downward trend more evident in some (H. A., S. M.) than in others and continuing into the late part of the forenoon. Patient J. C., a night watchman, differed in that the lowest point of the GFR shifted to between 4 p.m. and 10 p.m. As will be seen below, this latter group of subjects also showed changes in the Cl excretion cycle. Many of the 24-hour mean values of the GFR were below the expected normal even after allowance was made for the decline due to age (19) . (Table II) . As observed in the case of GFR, the individual and averaged amplitudes of ERPF were similar to the normal (11) . Most of the subjects showed a fair degree of synchronization between the cycles 3 "Daytime" is considered the interval between 7 a.m. and 10 p.m.; "nighttime," the period between 10 p.m. and 7 a.m. This division is roughly equivalent to the average activity-sleep routine of our subjects.
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of GFR and ERPF (Figure 1 ). The heterogeneity of the population of this study discouraged averaging of all the data, as can be done for the normals (11), so that a more detailed comparison of the phase relationship between the two cycles was not feasible. In subjects K. G. and L. S., inspection of the graph (Figure 1) shows shift of phase between inulin clearance Cln and CPAH of approximately 1800, whereas CPAH in patient P. W. fluctuated irregularly around the 24-hour mean. The 24-hour mean p-aminohippurate clearance was markedly depressed in 75%o of the patients and appeared to be the first to suffer from the hypertensive disease (2) .
Filtration fraction (FF). All except three patients (E. S., K. G., and P. W.) had an elevation of FF, a finding previously observed for the hypertensive population (2) . Since the diurnal changes of the GFR and RPF did not parallel each other as to magnitude and, in some cases, also as to phase, cyclical fluctuations of FF around the mean were observed frequently.
Electrolyte excretion
Chloride excretion. The total 24-hour Cl excretion ranged between 50 and 100 mmoles for most of the subjects. For two of them (D. H. and W. A.), excretion was 15 and 31 mmoles, respectively, whereas in four patients (J. J., L. S., E. M., and S. M.) the excretion was 150 to 200 mmoles per 24 hours. From analysis of the elec-trolyte excretion during the equilibration period, the chloruresis caused by restriction of activity appeared extinguished in the majority of the hypertensives after about 12 hours. Thus we feel that the measured 24-hour Cl excretion may be a fair estimate of the average excretion preceding the study. The contours of the Na excretion cycles paralleled those of the Cl cycles very closely in all subjects.
For most of the patients, the rate of Cl excretion during a 24-hour period varied between 150% and 50% of the 24-hour mean (Table III) . Some of the subjects (E. S., J. T., and L. S.) exhibited an even greater amplitude, but amplitude was small in the case of patient J. C. Self-imposed salt restriction on the part of patient D. L. failed to suppress his diurnal excretion cycle, a finding in agreement with previous observations in normals (12, 20) .
Maximal chloride excretion rate occurred during the daytime in seven subjects and during the night in five subjects. This shift of phase of the cycle by nearly 1800 in about half our subjects is seen more clearly in Figure 2 . We shall henceforth designate the subjects with the daytime maximum as group I and the patients with nighttime maximal Cl excretion rate as group II. The simultaneously measured GFR cycles are also shown in Figure 2 in such a way that the excretion and filtration cycles may be compared. The maxima and the minima of the two rhythms clearly occurred as close to simultaneously in group I as methods permit us to determine, and these rhythms are indistinguishable from those of a normotensive population (11) . No such correlation appears to exist in group II, however. In this group, although chloride excretion is, by definition, maximal at night, the GFR cycles exhibited no correspondence of phase or consistent pattern. The relationship between Cl excretion and GFR in the two groups of hypertensive patients can be shown in two more ways. The difference in Cl excretion between one period and its preceding one has been compared with the simultaneous period-to-period differences in GFR; the correlation coefficients of these paired values for each patient are listed in Table III . A positive correlation (r = 0.263 to 0.682) between GFR and Cl excretion was evident for all patients of group I with the exception of patient K. G. (r = 0.08). The mean correlation (r = 0.364) for the group is highly significant. Among the patients of group II, however, the coefficients of correlation shown in Table III between period-to-period changes in chloride excretion and in GFR were close to or less than zero, and the group mean (r = -0.139) 0.0*. Figure  3 . The correlation is positive and significant for group I but not significant for group II. The plasma chloride concentration in each individual did not vary from the 24-hour mean more than 2 mmoles per L.
Potassium excretion. Pertinent data are given in Table III and Figure 4 . The following conclusions may be drawn: 1) no significant diurnal variation of the plasma K was observed, 2) the amplitude of the K cycle was generally less than for the Cl excretion cycle, and 3) the peak of excretion for most of the K cycles was close to midday both in group I and group II (Figure 4 ). Figure 4 also shows the dissociation of the excretion cycles of K and Cl in the patients with nocturnal chloruresis (group II). Only in patients J. C. and E. M. do the peaks of the K excretion cycle appear to have shifted in the direction of the Cl cycle.
.
. Discussion
Periodic phenomena are described by three primary parameters. 1) The period is the interval of time at the end of which the phenomenon repeats itself. The studies of Lewis and Lobban (21) indicate that the intrinsic period of healthy adult human excretory patterns is indistinguishable from 24 hours. Our experiments were not designed to measure the intrinsic period in hypertensive subjects. 2) Amplitude is the difference between maximum and minimum. The amplitudes of the several variables studied in hypertensive subjects showed no significant differences from the corresponding values in normotensives.
3) The phase is the time interval by which a rhythmic event precedes or follows another one. Finally, the contour, which encompasses all remaining information, cannot be examined quantitatively in these studies.
The particular term in which many of these hypertensive patients appeared to differ from healthy subjects was in the phase of their renal functions. In the normotensives (11) GFR 4 7 showed a minimum between 1 and 4 a.m.; simultaneously, the Cl cycle attained its lowest point. Figure 2 shows that hypertensive subjects of group I were similar, although two subjects included in this "normal" group differed from normotensives in showing a phase shift of RPF. In group II, however, the phase of the Cl cycle shifted approximately 180°from the normal. A corresponding phase shift of the inulin clearance cycle was not evident, although a flattening of the cycle occurred. The significance of this phase shift is obscure. Reversal of the diurnal cycle of renal sodium or chloride excretion has been reported in cirrhosis of the liver (22, 23) , in congestive heart failure (23) (24) (25) , in hypertension (26) , glomerulonephritis (23, 26) , nephrosis (27), Cushing's disease (28) , primary hyperaldosteronism (29) , obesity or head injury (30) , and after inversion of the sleep-activity routine (31, 32) . GFR has been measured in two of these conditions.
In congestive heart failure (24, 25) and cirrhosis (22), day and night measurements suggest that the GFR cycle also is reversed and that synchrony between the GFR and the chloride excretion cycles is maintained. Such a pattern, if confirmed, is clearly different from our group II hypertensive patients.
Renal function as measured by Cln and CPAH was extensively depressed in some of the hypertensive subjects (S. M. and E. M.) with abnormal cycle. Renal functional impairment did not, however, appear to be a necessary functional correlate with cycle reversal, since other subjects with "inverted" cycle had essentially normal GFR, whereas one patient (D. H.) with normal cycle had significant depression of clearances. Although patient J. C. was a night watchman with cycle reversal probably correlated to reversal of the sleep-activity cycle, the remaining subjects of group II had the sleep-activity routine of the average population.
Because many of the conditions in which reversal of the renal cycle has been reported are characterized by primary or secondary hyperaldosteronism (33) (34) (35) , the question of a possible role of this hormone is raised. Some of the patients in our study had low plasma K (Table III) . Biron and associates (36) and Davis and co-workers (37, 38) (12, 20) . Future experiments may, however, demonstrate significant changes in the diurnal cycle of aldosterone secretion.
The reason for the reversal of the Cl cycle in the patients of group II is unknown. The shift of phase of the GFR cycle may contribute to the Cl cycle reversal, but in this study shift in Cln appeared to lag behind the Cl cycle, and the correlation is poor. De Vries and co-workers propose that phase shift of the sodium chloride cycle occurs in the presence of or as a result of circulatory insufficiency (27) , but the mechanisms through which insufficiency affects the cycle remain unknown.
The dissociation between the K cycle and the Cl cycle in patients of group II is significant (Figure 4) . Lobban in her studies of renal excretion within the framework of a 22-and 27-hour routine has pointed out the lesser susceptibility of the K cycle than of the Cl cycle to suffer a shift of phase (45) . Information relative to this electrolyte in nocturnal natriuretic states is meager. In a few published studies (28, 30) , phase shifts in the K cycle follow those in Na and Cl, but others have observed a persistently normal K cycle in the presence of an abnormal Na cycle (27) . Possible explanations of mechanisms determining the K cycle (11) as. well as relationships between K and hypertension (46) have been discussed elsewhere.
Summary
The diurnal variations of glomerular filtration rate and renal plasma flow (GFR and RPF) and of chloride and potassium excretion have been investigated in twelve randomly selected patients with probable essential hypertension.
Seven patients showed a nocturnal depression of the GFR and of Cl and K excretion with RPF changing nearly pari passu with GFR in most of them. A diurnal rhythm in filtration fraction was usually present. The phase and amplitude of these cycles did not differ significantly from those in normotensives. GFR changes were significantly correlated with chloride excretion changes.
Five patients exhibited a reversal of the Cl cycle with peak rate of Cl excretion occurring at night. GFR cycle in these patients was flattened, and its phase may have been slightly retarded, but it was clearly out of phase with the chloride cycle. Changes in GFR were not significantly correlated with chloride excretion. The RPF cycle closely paralleled the GFR cycle. No correlation was noted between phase shift and degree of impairment of renal function.
The K cycle exhibited the normotensive pattern with maximal excretion in the daytime in all subjects.
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